Prostate-specific membrane antigen is a hydrolase with substrate 
and pharmacologic characteristics of a neuropeptidase 
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I2"-:30]. A cDNA containing the enlire PSM opm readinp 
Irani, vas subsequenlly isolated by rf «r» iranscr iplion-PCR 
from ih« PSM-positrve prostate carcinoma cell line LNCa)'. 
Transient i rarjsfection o( Ihis cDNA inlo i»o NAALADase- 
ntpahve cr II lines conferred NA-AG-hydrolyving activity ihsl 
was inhibited bv Ihe NAALADase inhibitors quisqualic acid 
and /3-NAAG. Thus « demonstrate a PSM-encoded lunriior 
and identify a NA^LADase-encodinf cDNA- Nor 



in NAALADose-posil 



questions a bom ihe role of PSM 
logic prostate t piihe lial-ce II 



iably e>- 
in NAALADase- 
s; therefore, PSM 
act ount fo. NAAG 



te is the predominant e>cu: 

s aci.vatable by glutamate : 
s has been demonstrated t( 
■s of both rapid neuronal signaling ano synaptic plas 



(l).Tv 


vo important aspects of ocitatoi v t r.ir 






d arc the spectrum of enoopenou 


s ligands for the 




laic family of receptors and the specifi 


cmcchanism(i)by 






hypothesized thai 




iriir neuronentide A?-acetvlaspartvlrl 


utamatc (NAAG) 


might 


both serve as an endogenous rect; 


ptor ligand and t 






synaptic nerve ler- 




. NAAG is localized to specific pro 


ups of neurons in 






alcium-dependtw 



uiophvsioiogv of NAAG has i 
6),innibitory(7,8),andno(9, 



i (t. 



lect the diverse actions of NAAG anc 
trs of the glulamatc receptor familv 
gonisi, at a subpopulanon of mrtabc 
ors negatively coupled to adenylau 
nizes ihe effects of glutomate at thi 
btype of ionoiropic receptors, w here i 
II). NAAG is also catabolizcd ti 



rjuisaualaie -sensitive A ; -acety]aled o-linked acidic dipeptiriast 
(NAALADase) (]3). The hydrolysis of NAAG by NAALA- 
Dase to vicld gluiamate may thus be an important source of 
this neurotransmitter. Further, NAALADase is enriched in 
the synaptosomal fraction of brain (14), consistent with pos- 
"' ' ' m of NAAG-medisted actions 
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Supporting their relevance: to gjutamatergic signaling, N/(\AG 
and NAALADase have been implicated in disorders of the 
nervous system associated with the dysrepuialion oi glutamaier- 
fic neurotransmission, such as amyotrophic lateral sclerosis (It, 
16), schizophrenia (17), and seizure disorders (1-6, 19). The 
directions of the observed allerstions in NAAG levels and 
NAALADase activity in these disorders correlate wiih the pre- 
dicted changes in clutamale-receptor-mediated signaling. 

One form of NAALADase has been purified to apparent 
homogeneity from rat brain (20). The purified enzyme is a 
glycoprotein with a native ' apparent molecular mass of - 9< 
kDa. Specific antisera raised against the purified glycoprotein 
demonstrate immunort activity that correlates with the distri- 
bution of NAALADase activity in rat brain, peripheral nerves, 
kidney, and sexual organs (20-22). The following repori 
describes our use of these antisera to identify a human cell lint 
cDNA that tncoocs a hydrolase aciivity with the substrate and 
pharmacologic properties of the NAALADase previously 
characterized in rat brain. The discovery of a NAALADase 
cDNA should ptove to be a substantial Bdvance toward 
understanding the neurobiology function of NAAG and its 
likely role in ihe important process of glutamaicrgic signaling. 
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n-primed : ' 2 P-iadiolabeled 
cDNA probe "(specific activity = l.I X 10 s dpm/,jc) prepared 
using a Piime-It kil (Sliatagcnc) at <2'C overnight. Final 
highf-stringencv washes were done with 0.1 x standard saline 
ciiinte/0.1% SDS at either 65 C C (rat RNA) or 55'C (human 
cell line RNA). The RNA was determined tc be intact and 
evenly loaded by ethidium bromide staining and/or UV 
shadowing. Hybridization was delected by autoradiography 
using a Molecular Dynamics Phosphorlmagei . 

Reverse Transcription (RT)-PCR Cloning of Proslsle- 
Specific Membrane Antigen (PSM) cDN A. Reverse transcrip- 

Superscript 11 reverse transcriptase (BRL) according to the 
manufacturer's recommended conditions with the addition of 
recombinant RNasin (Promega) at 40 units/25 n\ and in some 
cases the addition of 3.33 mM dimethyl sulfoxide in the RJNA 
denatuianon step (equivalent to 2 mM final concentration in 
the transcription reaction). PCRs were done with native P/i; 
(Stralagene) or AmpliTaq (Peikin-Elmer) polymerase ac- 
cording to the supplier's tecommendations using a GenAmp 
4£0 thermal cvcler (Perk in-Elme r). Thermal cvcling parame- 
ters consisted of an initial denaluration step (94'C for 4 min) 
followed bv 30-35 cvcles of amplification (94'C for 1 min. 
60-68'C lor 1 min, 72'C for 3 min), and ending in a final 
extension step (72 C C (or 7 min). Pnmei sequences are as 
follows: primer 1 , TGCAGGGCTGATA AGCGAG; primer 2. 
AGCCACGCCACGCTCTTG; primer 3. TCATCCAATTG- 
GATACTATG; pnmer 4.TCTTTCTGAGTGACATAC. Prim- 
ers were designed to amplify two cDNAs containing the 5' and 
3' itnons of' the PSM coding seouence [bases 134-1605 and 
]]43-25fcS of the Israeli a ui (27) clone. GenBank accession no. 
MyM'n whose overlapping sequences would contain n native 
£coRl restriction site (position 1572 i. The rmiltsm cDNA? were 
icinec usir.c this £coRl sue and cloned into the SnmHl and 



DNA jprepated bv the method of Radloff ci ui (28) using 
Lipofectin (BRL) pti the supplier's protocol or the calcium 
phosphatt-meoiaiet! method of Graham ar,o van oet Eb (29)j 
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basesi w f ,e identical. DNA seoue 
clones (W6) revealed a ]42E-bp in 
leading (tame of 1407 bases. Th 
codon indicated that this cDNA did not' te prese nl a complete 
coding seouence. To examine si2e and distribution of the 
mRNA species' represented by the YV6 clone relative to 
NAALADase activity, we did Northern analyses o) tat brain, 
kidney, and liver RNA using the W6 cDNA bs a probe. Fig. 1 
shows that the distribution of detectable transcripts corre- 
sponded to the tissue exptession of NAALADase activity with 
biein and kidney positive and liver negative. Interestingly, at 
least six transcripts were detectable in brain and kidney at 
estimated sires of 3P00, 3000, 2800, 2100, 750, and 500 nt. This 
is a iaige. population of transcripts than would be accounted 
for by Hie NAALADase activities previously described inbrain 
and kidney homogenates by kinetic (13) or physical analyses 
(20), which show one or two compartments of activity, respec- 
tively, or bv immunoblots of brain that show three specific 
immunorea'ctive bands (R.E.C., unpublished data). 

Conipatison of the sequence of the Wfc clone to the Gen- 
Bank seouence data bank revealed that bases 3-142S of this rat 
brain cDNA were 869c identical to bases 1 106 -2534 of a cDNA 
previously isolated from the human prostatic carcinoma cell 
line LNCaP (27). This identity occurs mainly in the 3' end of 
the coding region of the PSM cDNA and extends 23 bases into 
the 3' untranslated sequence. The function of the protein 
described by this cDNA was unknown; it had been identified 
as a potcntiallv useful clinical marker for prostatic carcinoma 
and was designated PSM (27, 30). 
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The identification of PSM as NAALADs.se was otifinslly 
surprising 10 us, j?iven the orifinal descr.puons of iht hiffm 
r-«irirird cellular expression of PSM (30). Later reports. 

7E1J-C: antibody and itf derivative CYT-356 (37, 5h) and/or 
mRNAs oitected bv RNase proiecnon assays usinf PSM- 
drrived probes («]) were found in nonprosiauc human iissut;, 
inch.dmc brain. A significant discrepancy nonetheless remains 
b«n« n the restricted pattern of expiession of PSM in human 
i issues as detected bv the aforementioned methods and the 
distribution of NAAl_ADs.se in rat tissues including brain, 
kionev. sexual otcans and peripheral nerves as ut ie mimed by 
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rom NAAG would be the active species at a 
•otild Depend on the tvpe(s) of receptor; 
xpress.ion of NA A LADase acttvirv therein, in 
kl. the regulation of NA A LADase activitv 
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f ntrs-.l nervous svstem. regulation of N'AAG- 
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